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ABSTRACT 
Guidelines and legend for rhe Moscovian and Artinskian maps to be produ- 

ced within the Peri-l ethys Programme are presenced. An updared review of 

rhe most important composite .scction.s exposed in different parts of the 

Garnie Alps and drillcd in the northern Adriatic Sea is presented. The sec¬ 

tions spanning a large part of the Mid-Lare Garboniferous co terminal 

Permian tinte interval are corrclaied so as to show the major .sediinenraiy 
cycles and rhe main régional ircnd.s of icctonic vs eu.staric .sea level changes. 

High frequency cyclidty is aiso siimmarizcd in rerms of parasequences, espe- 

cially for the Gzhelian stage, although the entire Pontebba Supergroup 
(Moscovian to Artinskian) was known for many décades as a classic cyclic 

sédimentation area. 

MOTS CLÉS 
cartes paléogéographiques, 

directives, 
légende, 

cycles à faible et haute fréquence, 
recion ique, 
eu.statismc, 

paraiéqueiitX'S, 

Czhelieii. 
corrélation, 

Alpes méridionales, 
mer Adriatique. 

R^UMÉ 
Le schéma directeur et la légende des canes du Moscovien et de l'ArtinsIden 
qui seront réalisées dans le cadre du Progiammc IMri-Téthys sont proposes. 

Nous présentons ici une révision des coupes composites les plus importantes 

des Alpes Carniques et des forages du nord de la Mer Adriatique. Les coupes, 
qui s’étalent sur une grande partie du Carbonifère moyen-supérieur au 

Permien terminal, sont corrélées et montrent les principaux cycles sédimen- 

taircs ainsi que les modifications lectono-eusrariques majeures. Une cyclicité 

haute fréquence est également résumée en termes de paraséquences, surtout 

au Gzhelien, bien que le Super-Groupe de Pontebba (Moscovicn-Aninskicn) 
soit connu depuis plusieurs décennies comme une région à sédimentation 

cyclique. 
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FOREWORD 

Beforc entering rhc copie of this paper, an intro¬ 

duction is needed to provide the aim, legend, 

and guidelines according to which the présent 

and the following stratigraphie contributions 

(Pasini & Vaij Di Stefano Gullo, Cassinis, 

Cassinis ôc Ronchi, Vai, Geluk, ail in iliis volu¬ 

me) have beeti subinitied lo ihe hoc working 

group, in view of ihe compilation of chc palaco- 

geographic maps of rhc Moscovian and 

Artinskian wkhin the ainis and chc scope of the 

Peri-Tethys Programme (PTP). Further contribu¬ 

tions are expecied and welcome. 

Guidemnrs 
The contributions provide original and/or upda- 

ted stratigraphie rough data on the Moscovian 

and/or/io Artinskian time slices in the different 

areas within ihe scopc of the PTP, mainly as spot 

columnar sections, with the aim to acr as valida¬ 

tion data points for rhe following map recons¬ 

truction: 

1, The Moscovian Map, focusing ihe Age inter¬ 

val (abour 3)2-305 Ma) and includtng additio- 

nal information iip to rhe top of the 

Carboniferous (abour 296 Ma) 

2, The Artinskian Map, focusing the 

Artinskian f Bolorian Age inrerval (about 

280-273 Ma) and including additional informa¬ 

tion down to rhe base of the Perniian (about 

296 Ma). 

The Moscovian Stage is used here as roughly 

represented by the Aljutovelta aljutovica to 

Fusulitia cylindrica fusulinid zones, by the 

ïdiognathotdes marginodosus to ïdiognathodus 

obliquuS'Neognathodus roimdyi conodont zones, 

and by the Paralegoceras to Wellerites ammonoid 

zones. 

The Artinskian + Bolorian Stages are used here as 

roughly corresponding to rhe Chalaro- 

scbwagerina solitu» Pamhintt, Ch. (-'Pseudo' 

fïisuUna") viilgiirh,  Aihellinii  dyhrenfurthi and 

Alisellina parvîcostaui fusulinid zones, lo the 

Streptogmithodus artitukiemis  ̂Sioeetog>iathus whF 

tei, Neôstieptog}iathodî4s pcquopensu and N. leono- 

vae conodont zones, and are characterized by the 

new fusulinid généra Mesosihubenella, 

Toriyamaia, Pracsknnierelln, DarvdselLt and by 

the ammonoid généra Artinskia. KitrgalUes, 

Almites, Cardiclla  ̂Paragathiceras. ArUtoccraîoides, 

Pseudogastrioceras. The selccted lare early Petniian 

time bas some advantages: it has a duration 

almosr similar ro that ot the Moscovian; it is clo- 

sely équivalent of the Chinese Chihsian and 

ptaciically overlap with the Yachcash-Boloi* fau- 

nal step of Leven (1993) comprised between the 

top of Sakmarian and the base of Kubergandian; 

it minimizes rhe imprécision deriving from the 

poor corrélation and définition level of indivi- 

dual stages involvcd. 

le is preferred to receivc contributions coordina- 

red in a .set of sections by couniry or group of 

coLinities (such as e.g.: France, Bclgium, UK, 

Ciermany, Poland Hungary, Austria + Tchekia, 

Bulgaria t Rumania, foimcr Yugoslavia, Turkey, 

Creece, Iraly Spain, NW Africa, I.ybia, Central 

W Africa, Middle F.ast ^ Arabia, Iran, 

Russia + Ukraiaa, Kazaldistan, a.s.o.). Flowever, 

.submissions provided by independent indlvi- 

duals or rescarch groups are also M^clcome. 

The contributions consist mainly of a set oïspot 

columnar sections (.stratigraphie columns), possi- 

b!y correlaied on a stratigraphie chart (scc fi.  

Ziegler 1988), possibly accompanied by location 

and/or simplified gcological maps. and illustrared 

by a concise cxplanatory text. ITie text shall not 

excecd ten doublc-spaccd typed pages (or five 

printed pages). Columnar sections, corrélation 

charts (one or more if  needed) and locafion/geo- 

logicai maps must be drawn on A4 .sized .sheets 

allowing final print réduction up to 50%. Each 

iiidividual map drawing must contaln a graphie 

scale. 

Columnar sections are to be drawn and correla- 

ted on rime/space (chronosiraiigraphic) dia- 

grams. The thickness of the different litho- 

stratigraphie units will  appear from separace 

labelling in a .side-column and from the text. The 

vertical axis of chc columnar sections (time) will  

adopt the geologicul cime .seule shown in the next 

heading. 

Each individu;d columnar section (represenring a 

rrtie spot-like section expostd in tlie field or 

drilled by a well, or a composite section whose 
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Cyclic Permo-Carboniferous of the Garnie Alps 

Table 1. — PTP time scale for the Carbonrferous and Permian 

Periods (âges of the lower boundary in millions years). 

Early Triassic Induan 251 Ma 

Changxingian 255 
Dhzulfian 259 
Midian 264 
Murgabian 269 

Late Permian Kubergandian 273 

Bolorian 275 
Artinskian 280 
Sakmarian 288 

Early Permian Asselian 296 

Gzhelian 301 
Late Carboniferous Kasimovian 305 

Moscovian 312 
Middie Carboniferous Bashkirian 323 

Serpukhovian 328 
Viséan 345 

éléments are included within the résolution 

power of a point on a 1:10 000 000 scale niap - 

which is about a circle of 1 km radius) should 

consist of a main column :md a few side-coliims. 

The main column should ’melude lithology, 

lithostratigraphic units, and dcpositional envi- 

ronments. The side-columns should include data 

on thickness, unconformitics, rectonic, magma- 

tic and mctaïnorphic events, rectofacies and 

orher addîtional information (sec legend). The 

location of cach section within a résolution 

power of 1 km of radius should bc identified hy 

means of ifs latitude and Longitude figures. 

If  graphically possible, tlie columns should inclu¬ 

de the data on boih ihe Moscoviun and the 

Artinskian (plus possibly the intervening inter¬ 

val) on the samc sheei (aiso by using the long 

side of the A4 shcei). 

Drawings should besubmitred m both color and 

black and whitc (BW) versions, one for the sake 

of the future map compilation, the other for the 

immédiate purpose of prinring the volume. To 

speed Work, il is suggested lo label with number 

(see legend) the different units in rhe BW version 

and to fin them by hand colors for the color ver¬ 

sion. 

The structure of the legend mainly conform to 

the previous onc used in Dcrcourt et ûl. (1993) 

with some intégrations derived froin Zieglcr 

(1988), Sassi Zanferrari (1990) and Vai 

(1991). It seems particularly usefui to include 

whenever possible in the maps the isopach 

corttours or the margins of tlic main basins of the 

latc Carboniferous (and Moscovian if  available 

separatcly) and of chc carly Permian (plus 

Artinskian if  available separatcly). 

In the présent stage, the basic legend type fur 

borh the stratigraphie columnar sections and tlie 

rclated geological maps (îf available) is reporred 

in Appendixes 2 and 3 re.spectively. 

When addirional subdivisions and symbols are 

needed, they hâve to bc added by the contribu- 

tors in their own legend sheets, preferably 

conforming to rhe use by rhe authors reported 

above. 

PTP INTl.RVAL IIMH SCALli 

The numcrical time scale for Carboniferous and 

Permian chronologie classification down to stage 

level tentatively adopted for the purposes of the 

PTP ha.s a simple pragmatic meaning lo enable a 

coinmon frame fur communication among diffe¬ 

rent conrtibutors. However, a.s a matter of f'act 

the présent scate of chronométrie calibration of 

rhe conventional stratigraphie scale in the time 

interval concerned is largely unsarisfactory as 

appears from the very large error bars (from 3 to 

9 Ma) affccring jndividual stage, sériés and Sys¬ 

tem boundarv âges (Odin 1994). lispccially pour 

is the knowledge about the Dinanrian or 

Mi.ssissippian subsysrem. The latc C^arboniferous 

is mainly dated from continental successions not 

evcniy relatcd to the marine oncs. A further limi¬ 

tation dérives from rhe still pool level of formally 

defîned standard chronostrarigraphic subdivi¬ 

sions (G5SP) in rhis rime interval. Pcople invol- 

ved are close to an agreemenc for the rwo System 

and some subsysrem boundaries but hâve nor yct 

paid any attention to the stage boundaries. 

In such a condition, oiir aim was firsi to hâve a 

reliable frame of reasonahie duration of stages, 

regardless of précisé boundary âges, and second, 

CO maintain a possible conrinuiry' with the rime 

scale used in ihe previous Teihys Program. 

Thcrctorc, the numcrical scale adopted here 

(Table 1) was based mainly on the time scale by 
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Ross et ai (1994), aireajy uscd in Baud et ai 

(1993), as a prcliminary ouiput ot rhe rime scalc 

by Menning (1995). Some modifications hâve 

bcen derived frorn Claoué-l-oi\g et ai (1995 and 

pers. comni.), Roberts et al, (1995) and Irom 

actempts at the besr fit with Harland et al. 

(1990) and Odin(1994). 

It is hoped that this first group of contributions 

prompt other interestcd specialists to provide 

soon updated informations for those other coun- 

tries which are relevant for the compilation of an 

accurate map reconstruction. 

LATE CARBONIFEROUS AND EARLY 

PERMIAN OF THECARNICAl.PS 

l’he lato Moscovian lo latc Artinskian (x./.) 

Ponrebba Supergroup represents a classic area for 

late Palaeozoic stratigrapliy acting as a bridge 

connecting the continental Permo-Carboniferous 

sequence of Western Europe and the marine one 

of the Russian Plaiform, the Lirais and Middie 

East to Asia (peri'Terh)'an and Tethyan rcalm). 

In fact, in the area including at leasr rhe Garnie 

AJps, the Karawanken, the ouier Dinarides and 

the northern Adrialic Sea both faciès interfinger 

conspicously, providing excellent tools for eco- 

stratigraphic corrélations (Kahler Prey 1963; 

Selli 1963; Kochansl^-Dc\'^ide 1965). 

Within the trame of the easccni Southern Alps, 

the Pontebba Supergroup (Venturini et al. 1982) 

represents u superb exposure of à pose 1 lercynian 

cover (episuturui basin) sealing, with sharp angu- 

lar unconformity, the scvercly thrusted 

Hercynian (Palacocarnic) Chain and its shallow 

cpimetamorphic équivalents of the Comelico 

basement (Vai 1976; Castcliarin 6c Vai 1981; Vai 

& Coeozza 1986). The basal unconformity of 

the Pontebba Supergroup is well exposed over an 

area some liundreds of square km, although it is 

intersected by large Meso^oic extensional faults 

and Alpine thrust faults. Sucli faults are widely 

spaced froin each other to enable large blocks 

showing che primary Hercynian basin/cover rela- 

tionship preserved (Castellarin & Vai 1981). Ehe 

western corrélative of the Pontebba Supcrgi*oup 

is represented by the continental clastics of late 

(Harbonifcrous (to Permian) age sealing rhe 

Southalpinc crystalline basement in the 

l.ombardy lakc région, Orobic, Giudicaric and 

Alto Adige areas. Rccent rcsearch on physical 

stratigrapby, cnvironmenral interprerarion ,ind 

palaeoclimatic évolution bas provided the basis 

for a berter understanding also in terms of 

sequence stratigrapby and sedimentary history 

(Venturini 1990, 1991: Krainer 1992). 

CvCLia iY, SliQULNCES AND IRKNDS IN 

Il  11-- P]‘:ra'U>Gakhoniklrüus Pontebba 

Supergroup (Figs 1-3) 

Local autocyclic and teclonic processes as well as 

over-regional cycles hâve been recognized in the 

sedinientury (laiierii.s of rhe Ponrebba 

Supergroup. Derailed descriptions and columnar 

sections showing rhe cycles are found in récent 

papers (e,g. Venturini 1990, 1991; and espccially 

Massari et al. 1991), although cyclic sédimenta¬ 

tion was ako stressed by previous aurhors. 

As .1 whole, rhe Pontebba Supergroup is viewed 

as a lare Hercynian cranstensional pull-apart 

basin-filh consistent with both the post tectonic 

relaxation of the very short emersion of the 

Palaeocarnic Ghain (Vai 1976) and the late 

Carboniferous^early Permian trans-Variscan 

meg;tshear (Arlhaïul ik' Marte 1977). It forms a 

composite sedimentary cycle defined by the 

Hercynian (Garnie) non cnnformity ar rhe base 

and the mid-Permbn (Saalic) disconformity ar 

the top. This sedimentary c)T:le is notabJy dis¬ 

tinct trom the Permo-Triassic cycle and following 

ones by its smaller extent and different architec¬ 

ture in response to a difierent stress régime. 

The most prominent character of this Permo- 

Carboniferous sedimentary cycle is lhat it is 

composed by a qiiite regular sériés of cyclothems 

having a mean ibickness ol about 30 m. Almost 

the samc type of modal cyclothem is recognized 

in two different sedimentary environments. One, 

dominated by marine carbonate deposits (Pizzul 

and Auernig Formations, see below), starts with 

an unconformity by which progradation and 

shallow-marine course silicoclastic depo.siis rest 

on ramp sédiments, a transgressive finc-grained 

highly fosslHferous clastic layer is closcd by a 

limestone horizon followcd by shallowing 

upward clastic sédiments. The other one, domi- 
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Fig. 1- —Third and fourth order lithocycles îrom !he Carbonilerous and eariiesl Permian ot the Garnie Alps, Key: LST-TST-HST. low stand, transgressive and high stand Systems 
tracts; MFS. maximum tlooding surface; B, Bombaso Formation; the second column îrom lefl shows the stratigraphie subdivision according to the Austrian authors. Notice scale 

change trom pan 1 lo pan 2 ot the section. See aiso legends in Appendixes 1,2 and 3. 
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nated by more or less continental silicoclastics 

(Corona and Carnizza Formations), starts with 

superimposition of fluvial conglomérâtes on del- 

taic to Coastal plain muddy sédiments followed 

by fine-grainecl transgressive clastic ramp depo- 

sits and highstand fine silicoclastic marine bands. 

It follows ihat ihe upper Carboniferous cyclo- 

thcms ol thc Garnie Alps can be described as 

high-frcquency small-scale séquences in terms of 

sequence strarigraphy and dcpositional s)'stcms. 

Furthermore, the alternation of cither carbonate 

or silicoclastic biindics suggests a climaiic modu¬ 

lation ot bigbcr rank cyclicity in respect to thaï 

involved in tbe génération of cyxlothems. 

A similar, although more irrcgular and Icss stu- 

died cyclicity'. is shown in almost ail remaining 

late Carboniferous to early Permian Formations 

except tbe Trogkolcl Limestone (and related 

units, see below). 

Both larger and smallcr-scale cycles recognized in 

the Pontebba Supergroup are closely similar to 

tbe classical PerniO'Carboniferous cyclothems of 

North America, the Russian Platform, Western 

Europe and Africa (or to cheir internai subdivi¬ 

sions in formations and members). As an 

example, one can compare the impressive corres- 

pondence bepA^een the four Gzhelian formations 

of the Garnie Alps (Pi//ul, Coronar Auernig and 

Garnizza) and the corresponding four Gzhelian 

‘‘horizons” of the Russian Platform (Ross & Ross 

1988: 234; izart et al. 1995). On thc otiier band, 

similarly impressive is thc almost perfcct match 

between twenty-slx cyclothems of tbe upper 

Gzhelian in the Garnie Alps (Fig. 1) and the 

iwenty-one unîis ot ibe voughiy corresponding 

Virgilian in Kansas (Ross & Ross 1988: 233). 

The twenry*tvvo cycles recognized within thc 

Gorona, Auernig and Carnizza Formations 

(Massari et al. 1991) added ro the three out of 

the four cycles known in the ‘T.ower” 

Pseudoschwagerina Fonnaticjn (Homaiin 1969) 

altogether rougldy correspond lo the upper half 

of the Gzhelian, lasting as a whole stage about 

5 Ma The ratio closely approximates thc magic 

figure of 100 ka, whicb is thought lo be tbe for¬ 

cing orbital (short excentricity) factor of many 

dcpositional cycles the glacial Pleisiocene 

climatic-controiled paired Emiliani isotope 

stages ). 

The cyclostratigraphic analysis of the Upper 

Carboniferous succession of the Pramollo Basin 

(' Auernig group" and its basal immature clascics, 

reierred to as Bombaso Formation) deserves 

some additional rcmarks. 

1. The Bombaso Formation is hetcropic with 

both the Meledis Formation and the Imver part 

of the Pizzul Formation (Venturini 1990, 1991). 

Thl.s l.s an eflect of the Kasiinovian synsedimen- 

lary tecionics, resubing in thc uplift ol a narrow 

Horst exposed to érosion. It lincd up with the 

basin axis spÜrting ir into two separared and 

independeni Graben. 

2. During late Gzhelian limes the north-eastern 

Grahe, thaï is the well known area of Auernig, 

Garnizza and Gorona Montain.s, was affcctcd by 

strong lecionic sub.sidence. l'he sédimentation 

rate remarkably increased as compared to the 

previous Kasimovian-eaily Gzhelian figures 

(Venturini 1991). 

ft follows thât> for a correct anaivsis of thc cyclic 

upper Gzhelian succession, interfering of pos¬ 

sible tcctonic puises must be carefully discounted 

from the effects of the glacio-custaric oscillations. 

’T'hf. Pkrmo-Carboniferc'jus Pontebba 

SUITKCROUI* (Fig. 2) 

For a betrer understanding of the palaeogeogra- 

phic meaning of the Moscovian and Arrinskian 

rocks exposed in tbe Garnie Alps, a summary 

about its almost continuou.s succession ranging 

(rom late Moscovian to enrly Kubergandian (in 

thc castern area) is uscful. 

The sequence starts with the fine clastic ro carbo¬ 

nate mairily basinal Meledis Formation not 

conformably overlaying rhe Hercynian chain. 

The Meledis Formation often rests on a chin 

basal carbonate breccia body (Malinfier Fforlzon) 

and in some areas is latcrally replaced by fault- 

scarp related plygenic breccias and immature 

coarse-grained siliciclaslics (Pramollo Mb) 

naincd, as a whole, Bonibaso Forniaiion 

(Venturini 1990). The Meledis and Bonibaso 

Formations span from thc late Moscovian 

(Mjackovian) to thc Kasiniovian {hotriticites to 

Moritiparus Zones). They are followed by the late 

Kasiinovian to early Gzhelian (Tritieites, Jigtdites 

and Üaixiua Zones) Pizzul Formation, composed 

of outer shelf limestones and pelires alternating 
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Fig. 2. — Lithostratigraphic subdivision of the Upper Carboniferous of the Garnie Alps. Key: AU. Auernig Fm; B, Bombaso 
Formation: Cor. Corona Formation: PS. INF., “Low^er Pseudoschwagerina” Formation; V.D., Val Doice Formation; the fifth column 
from left shows the stratigraphie subdivision according to the Austrian authors. See aiso legend in Appendixes 1, 2 and 3. 

with coasial-deltaic coarse-grained da.sucs. 

The Corona Formation of latc Gzhelian 

{Daixina and Pseudofusulinn-Rugosofusulina 

Zones) follows wirh fine-grained open shelf 

pelites (and a single limestone layer in the distal 

area) alternaiing wirh alluvial plain to deltaic 

conglomérâtes and sandsrones (inclucling some 

thin coal seems). The drastic decrease in carbo¬ 

nate productivity, withoul major change In phy- 

siographîc conditions of the basin, suggest a 

marked cemperate to cooi climatic oscillation. 

This formation Ls charactcrizcd by 30 to 40 m 

thick cyclothcms (parasequences). 

The following Auernig Formation, of late 

Gzhelian âge (Pseutlufusulind'Rugasoftist^Iina 

Zones) is composed by outer shelf marine carbo¬ 

nates and pelites alternating with coastal-deltaic 

coarse-grained clastics. Fhis formation is charac- 

terized by cyclothcms (parasequences) of mean 

thickness of abour 20 m (range 15 to 40 m). 

The Carnizza Formation closes the late Gzhelian 

(Ps^fudofiisulinû-Rugosofusulijia Zones) and is 

made by outer shelf pelites and subordinate 

limesrones alternating with coarse-grained sand- 

stones and quartz conglomérâtes of deltaic envi¬ 

ronment. 

The "Lower” Pseudoschwagerina Formation of 

latcst Gzhelian to Asseiian âge (Schiuagerinn 

Zone) is composed of massis'e to bedded shal- 

Jow-water limestuncs inrerlayeted by fuie-grained 

marine silicoclastic .sedirnents. Four cyclothenis 

hâve bêen recognized (Homann 1969) and 

recently ànalysed (Samankassou 1995). The Val 

Doice Formation of Asseiian âge {Schwagerina 
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Zone) is dtîminared by terrigenous deposits with 
minor limesTone intercalations (Üke in most of 
rhe late Carboniferous) reprcsencing delta to pro¬ 
delta sequences. 
Traditionally, ibe Carboniferous/Permian boun- 

dary was placcd bctwccn ihe Carnizza and ihc 

“Lower" Pseudoschwâgerina Formations. More 

recently a position inside the ‘‘Lower”  Pseiido- 

schwagcrina Formation ac the base of thc 

Occidemoschivagerim alpina Zone was suggested 

(Kahler & Krainer 1993). Lately, Davydov & 

Kozur (1995) bave proposed an even higher 

place at the base of thc Val Doice Formation 

(Grenzlandbànkc). Waiting for furcher taxono¬ 

mie précision wc adopt here a boundary place 

still wiihin ihe “Lower” Psendoschwagerina 

Formation inside the not yct investigated inicr\'al 

above samplc SKI 15 ol^ Kahler & Krainer 

(1993). 
The “IJpper” Rseudoschwagerina Formation of 

late Asselian to early Salcmarian âge {Zellia Zone; 

Forke 1995) is composed of alternating massive 

reefal and bedded partly marly inner shelf limes- 

tones. 

The following Trogkofel Limesrone (Sakmarian, 

Robustoschivagerina and Pseudoschwâgerina 

Zones) and the following related l'ressdorler 

Limestone (early Artinskian, Painirhia Zone) and 

Coccau (= Goggau) Limestone (niid to late 

Artinskian, Muellina Zone) represent as a wholc 

a reef-compicx ol shcll and shelf-edge environ¬ 

ment, vvhich has been compared with the 

Capitan Reef of Texas (Fl ügel 1981). 

The Moscovlmsî oi- vhe Carnic Alps (Fig. 3) 
Only the late Mjackovian siibstage of the 

Moscovian is ccrtainly represented In the early 

lithostratigraphic units not conformably over- 

lying the sevcrely foldeti and thrusted 

Palaeocarnic Chain. The lowermost tiisulinids 

foLind above the nneonformity are représentative 

of the Protrhicites Zone and inclnde Eostajfella, 

Paraendoihyrcu crinoids, brachiopods, echinoid-s, 

molluscs, bryozoans, trilobites and phylloid plus 

dasycladacean algac (Kahler &; Prey 1963; Selli 

1963; Pasini 1963. 1974. Vai cr al. 1980; 

Venturini 1990). Fhe stratigraphie unies bearing 

this fauna are the Malinfrcr Horizon (matrix), 

the Meledis Formation and its latéral équivalent 

Pramollo Mb (matrix) which hâve been referred 

to above. Consistent with the above dating are 

also macrofloral and palynomorph data. In fact, 

ferns (Netmipteris ex gr. ovata = grand'ewyi) of 

Cantabrian âge (late Moscovian to early 

Kasimovian) occur ai the top of the Mclcdis 

Formation (Vai et ai 1980). Also the palyno- 

morphs of thc lowermost Bombaso Formation 

(Francavilla 1966), dated at thc Wesefalian B or 

so (early Moscovian), are consistent with the âge 

of the finit fusulinids. h suggests also a possible 

earlier Moscovian onset of che pust-tectonic sédi¬ 

mentation of the Pontebba Supergroup. 

The major faunal affinities arc found benveen 

Carnic Alps, thc Dinarides and thc Russian 

Plaitorm to Lirais. Floral rclacionships are inore 

close with the Cantabrian région than with 

NW Europe. Rccenr finding of Kasimovian 

conodonts suggests close affiniry with Chinese 

clementvS (Perri 6c Spallecta, pers. comm,; see also 

Forkç 1995). 

Thi Artinskian of thf Carnic Ai.ps (Fig. 3) 
On top of the 150 ro 400 m thick Trogkofel 

Limesrone (a complex sysrem of Tubiphytes buil- 

dups) of Sakmarian âge, in places of the * middic” 

Permian rcef-complex, -somc limestone masses 

escaped the Saalic uplift and érosion, showing 

remnants ot the Artinskian stage is. 

The lower Artinskian is represented direerly by 

the Tressdorler Limestone (15 m thick). ft is 

made ul maiuly brecciated .shalluw-water limes¬ 

tone with both extraforrnaiional (reworked from 

the underlying Trogkofel and ‘TJpper” Pseudo- 

schwagerina Formation) and autoclithonous 

components rich in Mizzin, other algae, g.asCro- 

pods, fusulinids, other foraminitera, pelrnato- 

zoans and bryozoans. It contains scimetimes 

Praeparafusulina lutugini which is an eicment of 

the Russian Pseudofiisulina lutugini Zone. A quire 

Fjg. 3 — Stratigraphie corrélation of the main Moscovian to 
Artinskian coiomnar sections ot the Southern Alps (exposures) 

end lhe Adnaitc Sea (subsorface) and their interprétation {chro¬ 

nométrie calibration ot lhe dîronostraligraph'c scale conlorms to 
thaï discussed in the tirst peut of the paper). Key: A, Auernig: B, 

Bombaso; B.T., Tarvisio Breccia: C.S., Sesio Conglomérats; M, 
Meledis; Piz, Pizzul; T-TROG, Trogkofel: R. Rattendorf- V.G.. 

Va! Gardena; Bell.. Bellerophon. See iegend in Appendixes 1,2 
and 3 for other symbols. 
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effective pre-lare Kubergaridian érosion is sugges- 

ted by rhe frequent occurrence of Tressdorfer- 

and Trogkofel Limestone block.s in tbe late 

Kubergandian ro Murgabian Tarvisio Breccia 

(Fig.3)- 

The upper Artinskian is repre.senled by the 

Coccau Limestone. ’) bis Ls a light grcy massive 

shallow-watcr limestone qiiitc similai to the pre- 

vious two lormations. ]n its upper part a rich 

fusulinid ftuna from the Pseudofiisnlina vulgaris 
Zone, including Pamirina dtirvasica  ̂
Mmojaporiella elofigata 3iX^A NagatoelU aff. onentis 
is found, suggesring an âge from Artinskian to 

early Bolorian or carly Kungurian, at the very 

base of the Misellma Zone (Kahler l‘}y2).  

The Artinskian or thf Northern 

Adriatic Sea (Fig. 3) 

The âge assigned to the Coccau Limestone above 

was confirmcd recently from the Amanda 1 well 

drilled by AGIP about 30 km F. of Venice 

(45”24’47”N - 13”00’38"E). The Permian, 

beneath the mid ‘iViassic Latcm.ar Formation 

(late Anisian-Ladinian), was encoimtercd from 

6840 to 7305 m depth (Sartorio & Rozza 1991). 

It is rcpi-esentcd from the top by: 

1. The Amanda Formation, dark to reddish 

maris, clay, silty sand.slones wiih palynomorphs, 

some carbonate intercalations with fusulinids 

{Kahlerina pnvhythtca of rhe Neoschivagerina 
Zone), foraminifera and algae {Ttthipdjytts) and 

fine brcccias represenring the laie Permian (possi- 

bly late Kubergandian lo Murgabian). 

2. 'Fhe 'Jarvisio Breccia, composed of reworked 

clasts from the underlying Coccau (= Goggau) 

Limestone and a red claycy matrix, deposited in 

a subaerial environment. 

3. The 175 m rhick Coccau Limestone, represen- 

ted here mainly by sliallow-waier plaiform rud- 

stone and grainstone faciès, including rich 

fusulinid fauna (I):tudofust4limu Pmeparafmulina, 
Acerimi'bwagerina, A'îiscllifia)', toraminifera, algae 

(Tubiphytes, AfchaeoUthoporclUPs bryozoans, bra- 

chiopods, pclmatozoans, bivalves, ostracods and 

rare Belkrophon. The core taken from the middie 

part of the formvttion was assigned to the 

Misellifid claudiiie Zone of ihc latest early 

Permian (Chihsianskian or équivalents). 

Finai RHMARK.S 

The corrélation chart in figure 3 shows two 

major stratigraphie cycles easily traced along the 

entire western Adriatic and eastern Souihalpinc 

areas. The flrsi one, represented by the Pontebba 

SupergroLip, starts with the late Moscovian and 

lasfs at Icast up to the entire Artinskian and part 

of the Bolori;m. It is mainly marine, wkh conti¬ 

nental clastic suppiy strongly dccrcasing upwards 

and dominated by western provenance. 

Thala.ssocratic conditions ciilminate with the 

early Permian. cspecially Sakrnarian to 

Artinskian, It is followed by a remarkable, gene¬ 

ral although differeniial upllfc and érosion, 

occLirring sonietimes during llie late Bolorian to 

Kubergandian interval. How much the relative 

uplih is to be relaied to a concurrent eustatic sea 

levcl drop could bc argued only upon establish¬ 

ment of more rcUable sea Icvcl curves for the 

Pcrmi.in. The second cycle begîns with the early 

Murgabian spanuing the Penno-Triassic bounda- 

ry, except for the Venetian Gull area showlng late 

Permian/carly Ttiassic uplift, This is a broadly 

transgressive cycle dominated by the Mood plain 

Val Gardcna Formation cvolvlng to the 

Bellcrophon sebkhas and shelf. This trend is 

quite concrasting with rhe more common world¬ 

wide Permian régression. 
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Appendix 1: Keyto fossil and sedimentary structure symbols 

FOSSILS SEDIMENTARY STRUCTURES 

^ Acritarchs, Chitinozoa ^ Gastropods ^ Bioturbation 
Algae Graptolites jiz Large scale cross bedding 

© Ammonoids, Nautiloids 4* Insects Smal) scale cross bedding (r: ripple) 
^iî^Amphibian.s (s> Nannofossils = Parallel bedding 
X Bivalves ^ Orthocones = Lamination 
Q Brachiopods c?- Ostracodes Channel 
^ Brachiopod spine (g) Palynoflora ^ Slump 
Y Bryozoans ^ Plantae (wood) Tempestite 
^ Charophytes JcT Planlae (leaves) 

© Conchostracans 4- Radiolarians 

Conodonts ^Reptiles 

9 Corals ô Sponges 

4 Crinoids A Sponge spiculés 

* Echinoderms Stromatoporoids 

Fishes ^ Tetrapod fool prints 

Fish teeth Trilobitcs 

A Foraminifera (benthic) y Vertebrate teeth 

® Foraminifera (planktic) ç=3 Vertebrate bones 

A Foraminifera (indet.) Shells indet. 

^ Fusulinids '^/Bioclasls indet. 
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APPENDIX 2: COLUMNAR SECTION LEGEND 

MAINCOLUMN  
DEPOSITIONAL ENVIRONMENT 

1 *1 1 Continental, Lacusthne 
orange 

1 6 1 
Shallow carbonates 
gold yeliow 

1 2 1 
Evaporites 
pink 

1 7 1 Pélagie rise 
olive green 

1 3 1 Deltaic 
pale yeliow 

1 0 1 Deep carbonates 
light blue 

1 4-5 1 Shallow marine clastics 
green 

Erosional hiatus 

1 3 1 Deep marine clastics 
blue 

[n]]  Non-depositional hiatus 

1 *10 1 
Deeper marine clastics 
brown 

□ Lackof data 

^ ^ ^ Breccia 

O. Sand, conglomerate 
• O • ° l 

LITHOLOGY 

s=silicoclastic 
Turbidites v=volcanoclastic 

c=carbonate 

Sand 

Sand, silt, shale 

Organic shale 

Dolomite 

Carbonate, sand Ipspackstone 

w’^aîTkB'Ju.nc, 
msmuctstone 

I « jj ReefaI carbonate, bindstone 
> l-W 

Sulphate 

Halite 

Coal 

Carbonate, shale A A Chert, radiolarite 

Pélagie carbonate |X xl Volcanics 

Nodular carbonate Ti |7| Volcanoclastic deposits 

ï - Shale, some carbonate 

Shale 

Erosion, unconformity 

C'^ Concrétion (Fe: iron, etc.) 

O Colite 
P Phosphate 
B Bauxite 
Pa Paleosol 
• Cil, gas 

SIDE-COLUMN 

Low / High angle unconformity 

R W Rift/Wrench induced 

I F Inversion, folding 

TR RE Transgression, régression 

U C Régional uplift/collapse 

M*  + Metamorphic, volcanics, intrusives 
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Ai’Pendix 3; Map legend 

DEPOSITIONAL ENVIRONMENT AND MAIN  LITHOLOGY 
1 ] Mainly continental clastics orange 

{c=coarse;fsfine; Nacustrine, d=desertic, lateritic) 
I 7 Pélagie rise 

olive green 

Lj_ ] Evaporites pink 

(t^and clastics; c^and carbonates) 
L8_ Deeper marine carbonates 

light blue 

Lj_ ] Deltaic shallow marine, mainly sands 
pale yellow 

Ll_ Deeper marine clastics 
blue 

] Shallow marine, mainly shales 
pale green 

10 Deeper marine, mainly sands 
(turbidites) lîghtbrown 

La_ 

L6_ 

] Shallow marine, carbonates and clastics 
green 

] Shallow marine, mainly carbonates 
gold yellow 

11 Basins floored by oceanic 
lithosphère dark blue 

TECTONIC SETTING AND LITHOSPHERIC TYPE 
1 Inactive fold belt 

Normal 

□a Foreland 
Normal lithosphère 

1 12 1 Anorogenic craton lithosphère 

Thin 
lithosphère Foredeep basin 1 Rift 

Active fold belt Thick lithosphère 11 1 Oceanic lithosphère 
dark blue 

VOLCANIC ACTIVITY  
I 15 I Basaltic plateau 

dark red 

I 16^1 Porphyric plateau 
light red 

★ 

☆ 

Anorogenic 

Orogenic 

AUXILIARY  SYMBOLS 
Fault, wrench, normal Basin margin 

Major thrust fault 
1 active, 2 inactive 

Direction of clastic influx 

B and A subduction 
1 active, 2 inactive — 

ümit of palaeoenvironment 

Accretion wedge 11111 ■ I ■ Continental slope 

Major anticlinal axis 

Isopach of the. (stage) 

= 
Active sea-floor spreading 
axis and transform fault 

As above, with magnetic 
anomaly 
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